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(57) ABSTRACT 

A method for driving a CCD solid-state image sensing 
device. The method is applied to driving the CCD in order 
to ensure a suf?ciently large charge to be handled. In the 
method, the driving control is performed such that the length 
of a control interval, Which starts from the point in time 
When a driving voltage is applied to an electrode terminal 
having the largest time constant (for example, the electrode 
having the longest Wiring line as vieWed from the input side 
of a driving clock, or the electrode laminated at the loWest 
layer) is more than the length of the other control intervals 
subsequent to the control interval. Thus, the in?uence of 
delay in the rise time of the driving voltage at the electrode 
Which has the largest time constant is eliminated. 
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METHOD FOR DRIVING SOLID-STATE IMAGE 
SENSING DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
driving a solid-state image sensing device, and more par 
ticularly, to a method for driving a CCD solid-state image 
sensing device Which is driven by a multiple-phase clock. 

[0003] 2. Description of the Related Art 

[0004] Hitherto, a typical method for driving a solid-state 
image sensing device, that is, a method for driving a CCD 
solid-state image sensing device, generally employs driving 
control of electrodes With the driving timing shoWn in FIG. 
6. 

[0005] Electrode terminals V(1)1, V(1)2, and V(1)3 Which are 
shoWn in FIG. 6 are the terminal names of the electrode 
terminals connected to three kinds of poly-Si electrodes for 
forming a packet of V-CCDs (vertical-transfer charge 
coupled devices). 
[0006] Also, clock voltage Waveforms (1)1, (1)2, and (1)3 are 
the voltage Waveforms Which are applied to each of the 
poly-Si electrodes described above via the above-described 
electrode terminals V(1)1, V(1)2, and V(1)3. 

[0007] The amount of charge Which can be handled by the 
V-CCD (hereinafter, referred to as “QV”) is determined by 
the packet siZe of the V-CCD described above. 

[0008] FIG. 7 is a timing chart Which shoWs a driving 
timing of a conventional CCD solid-state image sensing 
device. 

[0009] In FIG. 7, symbols A to F shoW control intervals 
for forming potential Wells in the V-CCD. 

[0010] The control interval for forming a potential Well is 
de?ned, more speci?cally, as an interval indicated by a 
period of time starting from the state in Which three-phase 
clocks (1)1, (1)2, and +3 are applied to the electrode terminals 
V(1)1, V(1)2, and V(1)3, respectively, While maintaining certain 
voltage levels, for driving the V-CCD described above via 
the electrode terminals V(1)1, V(1)2, and V(1)3, to the state When 
a change occurs (that is, a change occurs in one of the 
voltage levels of the above-described three-phase clocks (1)1, 
(1)2, and (1)3). 

[0011] Hitherto, the length of a control interval (that is, the 
length of time) for Which certain values of the voltage level 
of the three-phase clocks (1)1, (1)2, and (1)3 are applied to the 
terminals V(1)1, V(1)2, and V(1)3 is alWays constant for all the 
control intervals A to F. 

[0012] In this regard, as the circumstances regarding 
CCDs in general, currently, there is a strong demand for a 
larger number of piXels, and therefore it becomes necessary 
to miniaturiZe a unit cell Which constitutes a CCD. 

[0013] HoWever, in the conventional method for driving 
V-CCDs as shoWn in the FIG. 6 described above, each 
control interval has the same length, and the electrode of the 
CCD Which is located at end part has a longer Wiring line 
than the other electrodes based on the structure of the 
electrode terminal When vieWed from the input side of a 
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clock signal at a certain timing, thus a delay occurs in the 
propagation time of the clock input With that timing. 

[0014] Also, as shoWn in FIG. 3, the electrode has a 
complicated structure in Which three kinds of electrodes are 
laminated With each other. 

[0015] For this reason, impedance differences occur 
among the individual electrodes, thereby producing differ 
ences in the time constant among the individual electrodes. 
Consequently, in this case, QV described above is deter 
mined by the electrode having the largest time constant: thus 
there has been a problem in that a large QV cannot be 
ensured. 

[0016] Moreover, by miniaturiZing the unit cell siZe as 
described above, the area of the V-CCD becomes smaller. 
Thus, in addition, there has been a problem in that a large 
QV cannot be ensured because of this point. 

[0017] In this regard, When a large QV is not ensured, the 
output image appears to have little reality, thereby causing 
a serious problem in the image quality of the solid-state 
devices. 

SUMMARY OF THE INVENTION 

[0018] Accordingly, the present invention is made in vieW 
of the above-described problems in the conventional method 
for driving a solid-state image sensing device, and an object 
is to provide a method for driving a solid-state image sensing 
device Which can ensure handling of a suf?ciently large 
charge. 

[0019] In order to solve the above-described problem, in 
the present invention, there is provided a method for driving 
a solid-state image sensing device in Which a plurality of 
charge coupled devices are arranged on a semiconductor 
substrate, including: performing control such that the length 
of a control interval starting from a point in time When a 
predetermined driving voltage is applied to an electrode 
having the largest time constant among a plurality of elec 
trodes corresponding to the charge coupled devices is more 
than the length of any other control interval. 

[0020] Speci?cally, in the present invention, in order to 
eliminate the in?uence of delay in the rise time of the driving 
voltage at the electrode Which has the largest time constant 
(for eXample, an electrode having the longest Wiring line as 
vieWed from the input side of the driving clock, or an 
electrode laminated at the loWest layer) because of the 
structure of a CCD solid-state image sensing device, driving 
control is performed such that the length of a control interval 
(length of time) Which starts from a point in time When a 
driving voltage is applied to the above-described electrode is 
more than the length of any other control interval. Thus, by 
setting a time period until the effective sWing of the elec 
trode described above is settled Within a predetermined ?Xed 
value, it is possible to ensure a sufficiently large charge to be 
handled by the CCDs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 illustrates the planar structure and the 
general principle of operation of a CCD included in a 
solid-state image sensor; 

[0022] FIGS. 2A, 2B, and 2C illustrate the cross-sectional 
structure and the general principle of operation of a CCD 
included in a solid-state image sensor; 
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[0023] FIG. 3 is a cross-sectional vieW of the structure of 
the V-CCD included in a solid-state image sensor according 
to the present invention; 

[0024] FIG. 4 is a timing chart Which shoWs the driving 
timing of the V-CCD of the solid-state image sensor accord 
ing to an embodiment of the present invention; 

[0025] FIG. 5 illustrates the potential depth in a packet for 
each driving timing of the solid-state image sensing device 
according to the embodiment of the present invention; 

[0026] FIG. 6 is a timing chart Which shoWs a general 
method for driving a conventional CCD solid-state image 
sensing device; and 

[0027] FIG. 7 is a timing chart Which shoWs the driving 
timing of the conventional CCD solid-state image sensing 
device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0028] In the folloWing, an embodiment of the present 
invention Will be described With reference to the draWings. 

[0029] First, a description is given of the structure and the 
general principle of operation of a CCD included in a 
solid-state image sensing device. 

[0030] FIG. 1 illustrates the planar structure and the 
general principle of operation of a CCD included in a 
solid-state image sensor. 

[0031] In a solid-state image sensing device as shoWn in 
FIG. 1, photo-diodes 3 are arranged in a matriX, and 
betWeen the columns of photo-diodes 3, vertical-transfer 
CCDs 1 are arranged, and horiZontal-transfer CCDs 2 are 
arranged at one edge of the vertical-transfer CCDs 1. 

[0032] The vertical-transfer CCDs 1 transfer charge is 
generated corresponding to the strength of light in each 
photo-diode 3 in the vertical direction With a predetermined 
timing. The horiZontal-transfer CCDs 2 receive the trans 
ferred charge, and then transfer it in the horiZontal direction 
With a predetermined timing. 

[0033] FIGS. 2A, 2B, and 2C illustrate the cross-sectional 
structure and the general principle of operation of the CCD 
included in the solid-state image sensor. 

[0034] FIG. 2A illustrates the structure of the CCD, and 
FIGS. 2B and 2C illustrate the principle of operation of 
three-phase CCD driving. 

[0035] In FIG. 2A, on a p-type Si substrate forming a 
semiconductor substrate 10, a plurality of electrodes 12, 
three of Which constitute a group, are arranged adjacent to 
each other at equally spaced intervals, sandWiching a thin 
oXide ?lm 11. Three kinds of Wiring lines, Which are driven 
by three-phase clocks (1)1, (1)2, and (1)3, respectively, are 
connected to the group of electrodes 12, three of Which 
constitute a group. 

[0036] As shoWn in the upper part of FIG. 2C, at time t=0, 
a potential Well is formed just under the electrode Which is 
driven by the clock (1)1, and a feW carriers are stored there. 

[0037] Next, as shoWn in the middle and loWer parts of 
FIG. 2C, from the time t1 to the time t2, the stored charge 
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described above is transferred to the location just under the 
electrode Which is driven by the clock (1)2. 

[0038] In this Way, by applying the three-phase clocks (1)1, 
(1)2, and (1)3 With the timing shoWn in FIG. 2B, the charge can 
be sequentially transferred. 

[0039] FIG. 3 is a cross-sectional vieW of the structure of 
a V-CCD included in a solid-state image sensor according to 
the present invention. 

[0040] On a semiconductor substrate 31, three kinds of 
electrodes, Which are illustrated as a ?rst electrode layer 
(V(1)1), a second electrode layer (V(1)2), and a third electrode 
layer (V(1)3), are formed in a laminated manner, sandWiching 
an oXide ?lm. 

[0041] In this regard, the above-described symbols (V(1)1), 
(V(1)2), and (V(1)3) denote the electrodes Which are connected 
to the electrode terminals V(1)1, V(1)2, and V(1)3, respectively. 

[0042] The three kinds of electrodes described above have 
a complicated structure, that is, they are laminated With each 
other, and therefore differences in impedance occur among 
the electrodes, thereby causing differences in the time con 
stant among the electrodes. 

[0043] FIG. 4 is a timing chart Which shoWs the driving 
timing of the V-CCD of the solid-state image sensor accord 
ing to the embodiment of the present invention. 

[0044] In FIG. 4, the symbols V(1)1, V(1)2, and V(1)3 are 
terminal names of the electrode terminals Which are con 
nected to poly-Si electrodes for forming a V-CCD packet 
according to the present embodiment. Also, the symbolsAto 
F denote control intervals for forming potential Wells in 
Which charge is stored. 

[0045] Also in the present embodiment, in the folloWing, 
in the same manner as before, the control interval is de?ned 
as an interval indicated by a period of time starting from the 
state in Which three-phase clocks (1)1, (1)2, and (1)3 are applied 
to the electrode terminals V(1)1, V(1)2, and V(1)3, respectively, 
While maintaining certain voltage levels, for driving the 
V-CCD described above, to the state When a change occurs 
(that is, a change occurs in one of the voltage levels of the 
above-described three-phase clocks (1)1, (1)2, and (1)3). 

[0046] Here, the control interval A is a control interval 
starting from the point of time When (1)1, Which is applied to 
the ?rst electrode layer (V(1)1), rises, and the ?rst electrode 
layer (V(1)1) has a long Wiring line, and is laminated at the 
loWest level, thereby having the largest time constant. 

[0047] In addition, in FIG. 4, the voltage Waveforms of 
the clocks (1)1, (1)2, and (1)3, Which are illustrated correspond 
ing to the electrode terminals V(1)1, V(1)2, and V(1)3, indicate 
the voltage Waveforms Which are applied to the poly-Si 
electrodes connected to the electrode terminals V(1)1, V(1)2, 
and V(1)3, in order to transfer the charge stored in the 
potential Wells just under the poly-Si electrodes. 

[0048] In the driving timing of the V-CCD of a conven 
tional solid-state image sensing device, as shoWn in FIG. 7, 
the length of all the control intervals is the same. HoWever, 
in the driving timing of the V-CCD of a solid-state image 
sensing device according to the present embodiment, the 
length (the length of time) of the control interval A is set to 
(n+(m><5)), and each length of the control intervals B to F are 
set to (n-m). This means that the driving control is per 
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formed such that the length of the control interval Ais more 
than the lengths of each of the other control intervals B to F. 

[0049] FIG. 5 illustrates the potential depth in a packet for 
each driving timing of the solid-state image sensing device 
according to the embodiment of the present invention. 

[0050] In FIG. 5, the meaning of each symbol is the same 
as in FIG. 4, hoWever, in FIG. 5, for each combination of 
each electrode and control interval, each potential depth 
Which is formed in each corresponding packet is illustrated. 

[0051] In the folloWing, the principle of the driving timing 
of a solid-state image sensing device according to the 
present invention, as shoWn in FIG. 4, Will be described 
With reference to FIG. 5. 

[0052] Reference to FIG. 5 reveals that the minimum 
packet siZe When transferring charge occurs during three 
control intervals, that is, B, D, and F. 

[0053] Here, because of the structure of the V-CCD 
described above, the electrode Which is connected to the 
electrode terminal V¢1 has the largest time constant, thus it 
takes a long time until the applied voltage rises to a 
predetermined value. Accordingly, if the voltage applied to 
the electrode connected to the electrode terminal V¢2 rises 
to a predetermined value When the effective sWing of the 
electrode connected to the electrode terminal V¢1 is still 
loW, the control interval B forms the smallest packet among 
the control intervals B, D, and F. 

[0054] Then, as shoWn in FIG. 4, by performing the 
driving control such that the length of the control interval A 
is larger than the length of the other control intervals, a 
sufficient time is ensured until the effective sWing of V¢1 
becomes a predetermined ?xed value. 

[0055] With the driving timing of this driving method, 
after the voltage Waveform applied to the electrode con 
nected to the electrode terminal V¢1 rises completely, the 
voltage Waveform applied to the electrode connected to the 
electrode terminal V¢2 rises, thus QV described above can 
have a large value. 

[0056] In the folloWing, factors concerning the determi 
nation of the length of the control interval A, as shoWn in 
FIG. 4, are considered. 

[0057] First, by considering the factors Which determine 
QV, including timing, the factors are identi?ed as the length 
of the control interval A and the length of each of the control 
intervals B to F. This means that QV is determined by the 
balance betWeen the tWo. 

[0058] If the length of the control interval A is set too 
large, QV decreases during the control intervals B to F. Also, 
if the length of each of the control intervals A to F is set as 
a constant amount n, as in the conventional method shoWn 
in FIG. 7, QV is determined by the length (=n) of the control 
interval A. 

[0059] In this regard, as one example, given that the length 
of each of the control interval of the V-CCD of the conven 
tional solid-state image sensing device shoWn in FIG. 7 is 
n (=84/6), in the driving timing of the solid-state image 
sensing device according to the present embodiment, the 
length of the control interval A can be set to 19, and the 
length of each of the remaining control intervals is set to 

(84—19)/5=13. 
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[0060] Here, When the time constant of V¢1 is large, it is 
necessary to set the length of the control interval A to a 
correspondingly large value; hoWever, if the time constant of 
the electrode connected to the electrode terminal V¢1 can be 
made small by improving the design, manufacturing tech 
nology, and so on, the length of the control interval A can be 
set to a small value. 

[0061] In this regard, in the present embodiment described 
above, a description is given by limiting the CCD sensor 
included in a solid-state image sensing device to a V-CCD; 
hoWever, in general, the control method according to the 
present embodiment can be applied to any other CCD, and 
is not limited only to V-CCDs. 

[0062] Also, in the present embodiment described above, 
the number of phases of the driving voltage is limited to 
three, but in general, a driving voltage having any number of 
phases can be used. 

[0063] As described above, in the present invention, in 
order to eliminate the in?uence of delay in the rise time of 
the driving voltage at the electrode having the largest time 
constant, Which derives from the structure of a CCD solid 
state image sensing device, driving control is performed 
such that the length of the control interval (length of time), 
Which starts from the point in time When a driving voltage, 
is applied to the above-described electrode, is more than the 
length of any other control interval. Thus, by setting the time 
period until the effective sWing of the electrode described 
above settled to a predetermined ?xed value, it is possible to 
ensure that the CCD can handle a suf?ciently large charge. 

[0064] Also, the present invention can cope With demands 
for miniaturiZation and increasing the number of pixels. 

[0065] Furthermore, the present invention can prevent a 
decease in the amount of charge Which can be handled, 
Which occurs as a result of miniaturiZation. 

What is claimed is: 
1. Amethod for driving a solid-state image sensing device 

in Which a plurality of charge coupled devices are arranged 
on a semiconductor substrate, comprising: 

performing control such that the length of a control 
interval starting from a point in time When a predeter 
mined driving voltage is applied to an electrode having 
the largest time constant among a plurality of elec 
trodes corresponding to said charge coupled devices is 
more than the length of any other control interval. 

2. Amethod for driving a solid-state image sensing device 
according to claim 1, 

Wherein said charge coupled devices are vertical-transfer 
charge coupled devices Which transfer charge in a 
vertical direction. 

3. Amethod for driving a solid-state image sensing device 
according to claim 1, 

Wherein, apart from said control interval starting from the 
point in time When a predetermined driving voltage is 
applied to the electrode having the largest time con 
stant, control is performed such that the length of all the 
other control intervals is the same. 

4. Amethod for driving a solid-state image sensing device 
according to claim 1, 
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wherein the control is performed such that the length of a 
control interval starting from a point in time When a 
predetermined driving voltage is applied to the elec 
trode having the longest Wiring line among a plurality 
of electrodes corresponding to said charge coupled 
devices is more than the length of any other control 
interval. 

5. Amethod for driving a solid-state image sensing device 
according to claim 1, 

Wherein a driving voltage having each phase of the 
driving voltage is applied to corresponding electrode of 
the plurality of electrodes among the phases of the 
driving voltage having a plurality of electrodes corre 
sponding to said charge coupled devices. 

6. Amethod for driving a solid-state image sensing device 
according to claim 5, 
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Wherein the electrodes belonging to any one group of 
electrodes corresponding to said plurality of phases are 
laminated With each other. 

7. Amethod for driving a solid-state image sensing device 
according to claim 6, 

Wherein the control is performed such that the length of a 
control interval starting from a point in time When a 
predetermined driving voltage is applied to the elec 
trode Which is laminated in the loWest layer among a 
plurality of electrodes corresponding to said charge 
coupled devices is more than the length of any other 
control interval. 


